Abstract Fresh and dried Zanthoxylum bungeanum Maxim volatiles of two main cultivars including Dahongpao and Meihuajiao, were determined through GC-MS and compared. In all the tested samples, linalool, D-limonene, eucalyptol, 3-nonanone, and b-myrcene were identified as the five predominant components. The percentages of these components in fresh Dahongpao were 23.89%, 21.04%, 7.46%, 5.63% and 5.87%, respectively. Similar percentages, 27.28%, 17.62%, 6.39%, 1.66% and 7.8%, were found in dried Dahongpao. In general, the contents of linalool and b-myrcene in dried Dahongpao and Meihuajiao were slightly higher than those in fresh samples, whereas the contents of D-limonene, eucalyptol, and 3-nonanone were lower. Partial least squares discriminant analysis results showed that the two cultivars could be clearly differentiated based on volatiles, whereas, the fresh and dried Zanthoxylum bungeanum Maxim samples could not. This demonstrated that the drying process had no significant effect on the volatiles.
Introduction
Zanthoxylum bungeanum Maxim (Z. bungeanum Maxim) belongs to the Rutaceae family and is generally referred to as Huajiao in China. It is widely grown in the provinces of Gansu, Sichuan, Hebei, Shanxi, and Shandong (Yang et al., 2013; Song et al., 2017) . It has also been widely employed as a spice flavoring owing to its unique taste and aroma Tao et al., 2017) . Huajiao contains many medicinal components and is used as a traditional Chinese medicine (Lan et al., 2014; Abuajah et al., 2015) . Currently, there is an increasing interest in Z. bungeanum Maxim, because its flavor can stimulate saliva production to increase appetite and it is effective for treating epigastric pain, pruritus, dysentery, and eczema (Lan et al., 2014; Zhang et al., 2017) . In addition, the essential oils or specific volatiles obtained from Z. bungeanum Maxim have antimicrobial, antioxidant, and insect repellent and feeding deterrent properties (Liu et al., 2009; Wei et al., 2011; Xia et al., 2011) .
Volatiles are considered as an important factors for determining fruit quality, as well as sensory cues for the nutritional makeup of plant products (Kader, 2008) . The unique smell of Z. bungeanum Maxim is mainly derived from its volatile organic compounds (VOCs; Tao et al., 2017) . However, Z. bungeanum Maxim deteriorates rapidly after harvesting leading to a loss of aroma. Drying is an effective approach for maintaining the flavor of Z. bungeanum Maxim and prolonging its shelf-life by slowing enzyme activity, preventing harmful microbial growth, and slowing many water-mediated reactions (Andrés-Bello et al., 2011; Tian et al., 2016) . However, drying can change the volatile profile of plant samples, and lead to a characteristic aroma associated with the breakdown of proteins into amino acids (Hiraide et al., 2004) . This phenomenon has been observed in rhizomes of turmeric (Curcuma longa Linn.; Kutti Gounder and Lingamallu, 2012) , mango (Mangifera indica L. cv. Kent; Adeline et al. 2016) , and shiitake (Lentinus edodes) mushrooms (Tian et al., 2016) .
Previous studies have investigated the volatile compositions of the pericarp and essential oil of dried Z. bungeanum Maxim (Yang, 2008; Gong et al., 2009; Wei et al., 2011; Diao et al., 2013; Liu et al., 2017) . Yang (2008) compared the aromatic constituents of dried red and green Huajiao (Z. bungeanum and Z. schinifolium). Whereas, Liu et al. (2017) analyzed the volatiles in essential oils derived from six dried Z. bungeanum Maxim cultivars. However, both fresh and dried Huajiao are widely used as flavorings, to the best of our knowledge, the differences between their volatiles compositions are still unknown.
In this work, gas chromatography-mass spectrometry (GC-MS) was used to investigate the volatiles in fresh and dried Z. bungeanum Maxim, specifically the Dahongpao and Meihuajiao cultivars. A partial least squares discriminant analysis (PLS-DA) approach was employed to analyze the differences in their volatiles profiles and to identify the characteristic components in the samples.
Materials and methods

Plant materials and chemical reagents
Mature fruits of the Dahongpao and Meihuajiao cultivars of Z. bungeanum Maxim were collected from Longnan (Gansu Province, China) in August 2017. The external color and morphological features, as well as average single panicle weight and hundred grain weight for each cultivar are shown in Fig. 1 and Table 1 , respectively. Cyclohexanol was obtained from Sigma (St. Louis, MO, USA). All other analytical grade reagents were were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).
Sample treatment
For each cultivar, one portion of raw material was frozen in liquid nitrogen and ground into a fine powder using a 6750 freezer-mill apparatus (Glen Creston). The powder was subsequently stored at -80°C until analysis. Another portion of raw material was dried in shade for 5 days and then powdered using a mechanical grinder. Every experiment was performed in triplicate.
Determination of volatile components
The volatile contents were determined as previously reported with some modifications (Xi et al., 2014; Zheng et al., 2016) . Typically, 1.5 g pulp powder was homogenized in 3 mL saturated NaCl solution, and 20 lL cyclohexanol was then added as an internal standard to quantify VOCs. The solution was incubated at 40°C for 30 min. A solid-phase microextraction needle with a 1 cm long fiber (Supelco Co., Bellefonte PA, USA) was used for volatile extraction.
A GC-MS-QP2010 gas chromatograph-mass spectrometer system (Shimadzu Corporation, Kyoto, Japan) with a Rtx-5MS capillary column (30 m 9 0.32 mm 9 0.5 lm, J&W Scientific, Folsom CA, USA) was used to identify the VOCs. The injection port temperature was 240°C and the injection volume was 1 lL. Ultrapure helium was employed as the carrier gas with a flow rate of 1.0 mL/min. The GC oven temperature was programmed to hold at 40°C for 3 min, increase to 250°C at a rate of 4°C min -1 , and then hold at 250°C for 5 min. Mass spectra were obtained by electron ionization at 70 eV in the scan range of 40-500 mass units. The transfer line, ion source, and detector were held at 250, 200, and 150°C, respectively. The chromatograms and mass spectra were analyzed using GC-MS Postrun Analysis software (Shimadzu, GC-MS-QP2010, Japan). The compounds were identified by comparing their mass spectra with those in the data system library (NIST08). Semi-quantitative determinations were obtained by using cyclohexanol as the internal standard. The contents of the volatiles were calculated from their GC peak areas relative to the GC peak area of the internal standard. Three replicates were done for each sample.
Statistical analysis
All data were expressed as the mean ± standard deviation of three replicates. A multivariate PLS-DA approach (mixOmics package; Lê Cao et al., 2011) was used to analyze the differences among the volatile compositions of fresh and dried Z. bungeanum Maxim.
Results and discussion
Volatile contents of selected samples
Representative total ion chromatograms of the samples are shown in Fig. 2 , and results are listed in Table 2 . A total of 114 major VOCs including 50 olefins, 28 alcohols, 16 esters, 8 alkanes, 9 aldehydes, and 5 ketones, were tentatively identified and semi-quantified through GC-MS. The number of VOCs identified in our study was much greater than that identified in previous reports on Z. bungeanum Maxim (Yang, 2008; Wang et al., 2010; Wei et al., 2011; Diao et al., 2013; Liu et al., 2017) . Namely, 78 and 89 VOCs were found in fresh and dried Dahongpao, whereas, 79 and 80 components were identified in fresh and dried Meihuajiao. It is worth noting that, although a greater number of VOCs was observed in fresh samples than in dried samples for both Dahongpao and Meihuajiao. Drying did not remarkably change the number of VOCs observed for these Huajiao cultivars. The total VOCs percentage contents of fresh Dahongpao and Meihuajiao were 88.11% and 87.70% of the total relative area (RA) and were lower than those of dry samples (Table 2) .
VOCs originate mainly from the enzymatic or chemical oxidation of unsaturated fatty acids, which can further interact with free amino acids, peptides, and proteins (Dashdorj et al., 2015; Ho et al., 2015) . Other VOCs are derived from Maillard reactions and the Strecker degradation of free amino acids (Scalone et al., 2015) . The proportion of the content of each chemical family of volatile compounds in fresh and dried Z. bungeanum Maxim samples are shown in Fig. 3 . Olefins, alcohols, and ketones were identified as the principal VOCs both in fresh and dried Dahongpao samples. In fresh Dahongpao, olefins were the most abundant component, accounting for 41.35% of the RA, followed by alcohols (40.25%) and ketones (5.93%). In dried Dahongpao, the proportion of olefins, alcohols, and ketones were 57.28, 32.83, and 1.8% of the RA, respectively. The percentage of olefins in dried Dahongpao was higher than that in the fresh sample, but the percentages of alcohols, ketones and aldehydes were lower. These findings were consistent with those from previous studies (Deng et al., 2015; Zhang et al., 2015; Tian et al., 2016) , and indicated that the drying process had some effect on VOC content. The reduction in the alcohol and ketone contents may have been due to the evaporation or thermal decomposition of these compounds during the drying process. In fresh Meihuajiao samples as well, the three major classes of VOCs were olefins (45.48%), alcohols (37.03%), and ketones (4.6%). The corresponding percentages of the above compounds in dried samples were 61.5%, 32.51% and 0.86%, respectively. These results showed a similar tendency as those for Dahongpao. However, fresh and dried Meihuajiao contained more Data are expressed as mean ± standard deviation (n = 9) olefins than Dahongpao, whereas their alcohol and ketone contents were lower. Thus, the difference in VOC composition mainly depended on the cultivar. The major VOCs in all the samples tested were Dlimonene, linalool, b-myrcene, eucalyptol, sabenene, 4-terpineol, b-ocimene, a-terpilene, c-terpilene, geraniol, a-terpineol, terpinolene, a-thujene, and 3-nonanone. Linalool, D-limonene, eucalyptol, 3-nonanone, and b-myrcene were the most abundant VOCs in Dahongpao, accounting for 23.89%, 21.04%, 7.46%, 5.63% and 5.87% of the RA, respectively. Similarly, 27.28%, 17.62%, 6.39%, 1.66% and 7.8% of these major VOCs were found in dried Dahongpao. The linalool and b-myrcene contents of the samples increased significantly after drying, whereas the relative amount of D-limonene, eucalyptol, and 3-nonanone decreased. Similar results were also observed for fresh and dried Meihuajiao. Thus, the above results indicated that the drying process had affected the VOCs contents of both cultivars. Similar effects have been observed during the drying processes of turmeric rhizomes (Curcuma longa Linn.; Kutti Gounder and Lingamallu, 2012) , mango (Mangifera indica L. cv. Kent; Adeline et al. 2016) , roasted almonds (Prunus dulcis; Xiao et al., 2014) , and shiitake (Lentinus edodes) mushrooms (Tian et al., 2016) .
To date, a few studies have investigated the VOCs of Z. bungeanum Maxim (Yang, 2008; Gong et al., 2009; Diao et al., 2013) . A previous study showed that the major VOCs of Z. bungeanum Maxim included 4-terpinenol (19.7%), 1,8-cineole (16.0%), p-cymene (7.9%), g-terpinene (7.3%), and a-terpineol (7.2%; Gong et al., 2009 ). However, another work reported that the major VOCs of Z. schinifolium (green huajiao) were linalool (28.2%), limonene (13.2%), sabinene (12.1%), myrcene (6.12%), linalyl acetate (3.90%), 4-terpinenol (3.72%), and b-phellandrene (3.38%; Diao et al., 2013) . Moreover, yet another report indicated that the major VOCs of green huajiao were linalool (29%), limonene (14%), and sabinene (13%), but linalyl acetate (15%), linalool (13%), and limonene (12%) Data are expressed as mean ± standard deviation (n = 3)
nd not detected, RT retention time, RA relative area were the main VOCs in Dahongpao (Yang, 2008) . Liu et al. (2017) also determined that the major VOCs in six Z.
bungeanum Maxim cultivars including Qin'an, Danghongpao A, Danghongpao B, Danghongpao C, Meifengjiao, and Shizitou showed obvious variations based on the species, location of cultivation, and cultivar. The differences in the reported VOCs contents were attributed to the different cultivars investigated, as well as the different geographic origins of the samples and their aging (Iseli et al., 2007) . In this work, we found that linalool, D-limonene, eucalyptol, 3-nonanone, and b-myrcene were the dominant volatiles in both fresh and dried Dahongpao and Meihuajiao. Moreover, we found that the contents of these VOCs were different for Dahongpao and Meihuajiao, which indicated that the major VOCs in Huajiao were mainly determined by the cultivar (Gong et al., 2009 ).
Characterization of VOCs in different samples by PLS-DA
The multivariate PLS-DA method is generally used to differentiate among several groups of samples. The technique is based upon linking two data matrices, namely, the explanatory dataset X and the explicative dataset Y (Lê Cao et al., 2016; Yang et al., 2018) . In this work, a PLS-DA model was developed based on the VOCs identified and two treatments (Fig. 4) . In the score plot, Dahongpao and Meihuajiao formed clusters, as indicated by the blue circle and yellow circle, respectively, regardless of whether the samples were fresh or dried (Fig. 4A ). This result indicated that the variety was the main factor determining the VOC composition of Z. bungeanum Maxim. However, the volatiles of the fresh and dried samples were not separated clearly, revealing that the drying process did not significantly change the VOC profile of Z. bungeanum Maxim. The PLS-DA loading plot was employed to display the specific VOCs to explain the differences between Dahongpao and Meihuajiao (Fig. 4B) . In the loading model, a-terpilene, a-thujene, c-terpilene, and terpinolene were the main contributors for the composition of Meihuajiao, while 1,2-diisopropenylcyclobutane, nerolidol, cis-p-2-menthen-1-ol, 1,8-cineole, b-eudesmol, and piperitone were the major contributors for Dahongpao. The results of the PLS-DA loading analysis were in agreement with the VOC contents. For example, several specific components were located at positive positions of the loading plot, indicating that these contents were higher in Meihuajiao than in Dahongpao.
The VOCs in Z. bungeanum Maxim can undergo lipid oxidation or degradation, Maillard reactions, and Strecker degradation of free amino acids during the drying process (Dashdorj et al., 2015; Deng et al., 2015; Scalone et al., 2015) . In addition to the species, geographic origin, and aging, the drying conditions are an important factor affecting the composition of VOCs via the Maillard reaction and lipid oxidation (Wu and Mao, 2008; Zhang et al., 2018) . In present study, the dried samples exhibited lower levels of alcohols and ketones due to the evaporation or thermal decomposition during the drying process. Therefore, results indicated that the Z. bungeanum Maxim cultivar significantly influenced the VOC composition of the resulting sample, but the drying process did not induce remarkable changes in the VOCs of Z. bungeanum Maxim.
In this work, the effect of the drying process on the VOCs in Z. bungeanum Maxim was identified and compared using two red cultivars, Dahongpao and Meihuajiao. Compared with fresh samples, the total content of VOCs increased in dried Dahongpao and Meihuajiao. Olefins were the major class of VOCs in the tested Huajiao samples, followed by alcohols and ketones. The percentages of alcohols and ketones were higher in the fresh samples than those in the dried samples, but the olefins content was lower. The D-limonene, linalool, b-myrcene, eucalyptol, and sabenene were the predominant VOCs in Dahongpao and Meihuajiao. The contents of linalool and b-myrcene in the dried Dahongpao and Meihuajiao samples were higher than those of the fresh samples, whereas the D-limonene, eucalyptol, and 3-nonanone contents were lower. However, a PLS-DA model showed that the drying process had no significant effect on the volatiles. Also, the different cultivars can be characterized by their different volatile component profiles. This study provides important information for the food processing industry and the utilization of Z. bungeanum Maxim.
